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Abstract. We find a way to represent the Starobinsky model in terms of a simple confor-
mally invariant theory with spontaneous symmetry breaking. We also present a supercon-
formal theory, which, upon spontaneous breaking of the superconformal symmetry, provides
a consistent supergravity generalization of the Starobinsky model.
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1 Introduction
Recent investigations in inflationary cosmology revealed a set of rather unexpected facts
which require some kind of explanation: Inflationary potentials of several apparently un-
related inflationary models have been shown to coincide, either exactly, or at least during
inflation. Therefore (up to some minor corrections related to different mechanisms of reheat-
ing) these models lead to identical predictions for the parameters ns and r, which nicely fit
observational data [1].
In particular, a modified version [2] of the original Starobinsky model [3] has the La-
grangian
L =
√−g
(
1
2
R+
R2
12M2
)
, (1.1)
where M  Mp is some mass scale; we will keep Mp = 1 in what follows. This theory is
conformally equivalent to canonical gravity plus a scalar field φ [4]. Making the transforma-
tion g˜µν = (1 + φ/3M
2)gµν and the field redefinition ϕ =
√
3
2 ln
(
1 + φ
3M2
)
, one finds the
equivalent Lagrangian
L =
√
−g˜
[
1
2
R˜− 1
2
∂µϕ∂
µϕ− 3
4
M2
(
1− e−
√
2/3ϕ
)2]
. (1.2)
Interestingly, the same potential emerges in several other seemingly unrelated models. It
appears, for example, in the Higgs model with a non-minimal coupling to gravity, ξ2φ
2R −
λ
4 (φ
2 − v2)2, for ξ < 0, in the limit 1 + ξv2  1 [5]. The potential of the Higgs inflation
in the theory λ4φ
4 with a sufficiently large non-minimal coupling to gravity ξ2φ
2R [6–12] has
the same shape during inflation. Recently it was found that the same potential appears in
no-scale supergravity, under certain assumptions about moduli stabilization [13].
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As a result, we have a family of models which may seem totally different but lead to
identical or nearly identical observational predictions. To examine possible relations between
all of these models, we will study Starobinsky model and its possible generalizations. To our
surprise, we found that this model can be represented as a result of spontaneous symmetry
breaking in a very simple conformally invariant scalar field theory.
We will also propose several different ways to embed Starobinsky model to superconfor-
mal theory and supergravity. All of them lead to the inflaton potential as in (1.2) but only
some of them can be consistently stabilized along the inflationary trajectory. As we will see,
one of the simplest ways to do it is related to the general approach to chaotic inflation in
supergravity proposed in [14].
2 de Sitter from spontaneously broken conformal symmetry
As a first step towards the new formulation of the Starobinsky model, consider a simple
conformally invariant model of gravity and two real scalar fields, φ and h, which has an
SO(1, 1) symmetry:
Ltoy =
√−g
[
1
2
∂µχ∂
µχ+
χ2
12
R(g)− 1
2
∂µφ∂
µφ− φ
2
12
R(g)− λ
4
(φ2 − χ2)2
]
. (2.1)
The field χ(x) is referred to as a conformal compensator, which we will call ‘conformon.’
This theory is locally conformal invariant under the following transformations:
g′µν = e
−2σ(x)gµν , χ′ = eσ(x)χ , φ′ = eσ(x)φ . (2.2)
The field χ (with negative sigh kinetic term) can be removed from the theory by fixing the
gauge symmetry (2.2), for example by taking a gauge χ =
√
6. This gauge fixing can be
interpreted as a spontaneous breaking of conformal invariance due to existence of a classical
field χ =
√
6.
For our purposes, however, it is much more convenient to choose an SO(1, 1) invariant
conformal gauge
χ2 − φ2 = 6 , (2.3)
which reflects the SO(1, 1) invariance of our model. This gauge condition represents a hy-
perbola which can be parametrized by a canonically normalized field ϕ,
χ =
√
6 cosh
ϕ√
6
, φ =
√
6 sinh
ϕ√
6
. (2.4)
In this gauge the Higgs-type potential λ4 (φ
2 − χ2)2 turns out to be a cosmological constant
9λ, and our action (2.1) becomes
L =
√−g
[
1
2
R− 1
2
∂µϕ∂
µϕ− 9λ
]
. (2.5)
This theory has the constant potential V = 9λ. Therefore it can describe de Sitter expansion
with the Hubble constant H2 = 3λ.
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3 Starobinsky model as a theory with spontaneously broken conformal
symmetry
Now that we mastered the art of working with models of this type, we will consider a model
which is only slightly different from the dS model described above:
LS =
√−g
[
1
2
∂µχ∂
µχ+
χ2
12
R(g)− 1
2
∂µφ∂
µφ− φ
2
12
R(g)− λ
4
φ2(φ− χ)2
]
. (3.1)
The only difference here is that we replaced the SO(1, 1) symmetric potential λ4 (φ
2 − χ2)2
by the potential λ4φ
2(φ− χ)2. This theory has the same conformal symmetry (2.2), but the
new potential breaks the SO(1, 1) symmetry of the previous theory.
We will use the same gauge χ2 − φ2 = 6 as in the previous section, with the same
relation between the fields χ, φ and the canonically normalized field ϕ: χ =
√
6 cosh ϕ√
6
,
φ =
√
6 sinh ϕ√
6
. By using these relations, one can easily show that our new theory has the
action
L =
√−g
[
1
2
R− 1
2
∂µϕ∂
µϕ− 9λ
4
(
1− e−
√
2/3ϕ
)2]
. (3.2)
It coincides with the Starobinsky model (1.2) after identification M2 = 3λ. In other words,
one can represent the Starobinsky model as a simple conformally invariant theory (3.1) with
spontaneous symmetry breaking.
4 Supersymmetry and Starobinsky model
As a next step, we will investigate a possibility to embed Starobinsky model into supercon-
formal theory and supergravity. Earlier attempts to do it go back to the paper by Cecotti
[15]. The author proposed a corresponding superconformal theory, generalizing the bosonic
action (1.1). However, the resulting supergravity model required introduction of two complex
scalar fields. One can show that inflationary regime in this model is unstable with respect
to a tachyonic instability of one of these fields, see a discussion in the end of this section.
Subsequent attempts were made by Ketov et al in [16], where supersymmetrization involved
additional terms of higher order in R. The relevant supergravity scalar potential depends
on a complex ‘scalaron’. Its stability during inflation was not investigated, which makes this
approach incomplete. Our present investigation was stimulated by the recent paper [13],
where it was argued that under certain assumptions about supergravity/string theory mod-
uli stabilization, the Starobinsky model (1.2) can be derived from the no-scale supergravity
with the Wess-Zumino superpotential. It would be nice to have an explicit realization of this
scenario including a specific mechanism of moduli stabilization.1
In this paper we will provide a consistent implementation of the Starobinsky inflationary
model in superconformal theory and supergravity using methods developed in [17] and in
[10, 12, 14, 18]. The general approach to supergravity is based on the superconformal theory,
which becomes supergravity after spontaneous symmetry breaking, for example, when the
1We are grateful to Keith Olive for a discussion of this issue.
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complex conformon field X0 acquires a constant value X0 =
√
3. This is very similar to
the mechanism discussed in the previous section. Here we will only briefly remind the basic
features of this approach and present the new results related to the Starobinsky model.
In the simple theory of real scalar fields described in the previous section, the require-
ment of conformal symmetry resulted in a unique coupling of the inflaton field to gravity,
−φ212R. In superconformal theory one has many other possibilities to reach a similar goal.
We will use the theory which has three chiral multiplets XI : the compensator field X0, the
inflaton X1 = Φ and the Goldstino superfield X2 = S. This theory is characterized by the
potential of the embedding manifold N (X, X¯) and the superpotentialW(S,X0,Φ), which are
related to the more familiar Ka¨hler potential and the superpotential of N = 1 supergravity
as follows:
N (X, X¯)X0=X¯ 0¯=√3 = −3 e−
1
3
K(Φ,Φ¯;S,S¯), W(S,X0,Φ)X0=√3 = W (S,Φ) . (4.1)
One can embed the Starobinsky model into the superconformal theory in several different
ways, but not all of them lead to a theory which is stable during inflation. We will consider
a special class of the functions N (X, X¯), W(S,X0,Φ):
N (X, X¯) = − ∣∣X0∣∣2 exp(− |S|2|X0|2 + 12
( Φ
X0
− Φ¯
X¯ 0¯
)2
+ ζ
|S|4
|X0|4
)
, (4.2)
W(X0,Φ, S) = M
2
√
3
S (X0)2
(
1− e−2Φ/X0
)
. (4.3)
The corresponding Ka¨hler potential and superpotential in supergravity are [14]
K = SS¯ − (Φ− Φ¯)
2
2
− ζ(SS¯)2, W = M
√
3
2
S
(
1− e− 2Φ√3
)
. (4.4)
This theory belongs to the broad class of chaotic inflation models in supergravity de-
veloped in [14], with the Ka¨hler potential and superpotential of the general form K((Φ −
Φ¯)2, SS¯), W = Sf(Φ). Here f(Φ) can be any real holomorphic function such that f¯(Φ¯) =
f(Φ). Any function which can be represented by Taylor series with real coefficients has this
property.
This class of theories has a number of useful features. The role of the inflaton field in
this model is played by the real part ϕ of the field Φ = (ϕ+ iα)/
√
2. The Ka¨hler potential is
shift-symmetric with respect to ϕ. The scalar potential is invariant under rotation S → Seiθ
and sign change α → −α. Therefore for any given ϕ, the potential has an extremum at
S, α = 0. If one can achieve stability of S, and α near S, α = 0 by making this extremum a
minimum (which can be done by a proper choice of the Ka¨hler potential [14]), the inflationary
trajectory will correspond to evolving ϕ, with S, α = 0. All fields in this class of models are
canonically normalized along the inflationary trajectory. The inflaton potential in this theory
is V = |f(Φ)|2. Therefore the inflaton potential in the model (4.4) is given by
V =
3M2
4
(
1− e−
√
2
3
ϕ
)2
. (4.5)
Thus the Lagrangian of the inflaton field ϕ in this model exactly coincides with the Lagrangian
of Starobinsky model (1.1), (1.2), but now this model is a part of supergravity and the
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underlying superconformal theory. It remains to check whether all other fields, such as S
and α, vanish during the cosmological evolution.
Following [14], one can show that the field α is firmly stabilized at S = 0, α = 0, with
the mass squared of this field asymptotically approaching 6H2 during inflation at large ϕ.
The field S is also stable near S = 0, with the mass squared of this field asymptotically
approaching 12ζH2.
Note that the field S is not tachyonic and inflationary regime is described by the
Starobinsky model even in the absence of the stabilizing term ζ(SS¯)2, see Fig. 1(b). However,
in this regime m2s  H2, and therefore quantum fluctuations of the field S are generated
during inflation, which can be used e.g. for generation of small non-gaussian perturbations
via the curvaton mechanism [19]. The field S is firmly stabilized and fluctuations of this field
are not generated during inflation if 12ζH2 & H2, i.e. for ζ & 1/12, see Fig. 1(b).
(a) (b)
Figure 1. The potential of the stable supergravity generalization of the Starobinsky model with the
Ka¨hler potential (4.4) for ζ = 0, Fig. 1(a), and for ζ = 0.5, Fig. 1(b). The fields are shown in
Planckian units, the height of the potential is shown in units of λ = 1/9.
We should emphasize that this embedding of the Starobinsky model to supergravity is
not unique. In particular, one may achieve a similar goal in a theory with
K = −3 log
[
1 +
1
6
(Φ− Φ¯)2 − SS¯
3
+
ζ
3
(SS¯)2
]
, W =
M
√
3
2
S
(
1− e− 2Φ√3
)
. (4.6)
One may also implement the Starobinsky model in a somewhat modified Cecotti model
[15], which can be made stable during inflation. An improved expression of the Ka¨hler
potential and superpotential for the supergravity version of this model is
K = −3 log
(
Φ + Φ¯− SS¯ + ζ
3
(SS¯)2
)
, W = 3M S (Φ− 1) . (4.7)
Just as in the models (4.4), (4.6), one can show that the inflaton direction in this model
corresponds to the real part of the field Φ, and the potential of the canonically normalized
field ϕ has the Starobinsky potential (1.2). In the original version of this model, the field
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S was tachyonic during inflation, with the “conformal” mass squared m2s = −2H2 = −R/6.
As a result, the inflationary trajectory at S = 0 was unstable. Fortunately we found that
this problem can be solved by adding the stabilization term ζ(SS¯)2, if one takes ζ > 0.15.
In order to have m2s & H2, one should take ζ & 0.5.
5 Discussion
In this paper we continued our previous work of implementing inflationary models favored
by the Planck2013 data [1] in the context of advanced theories based on supersymmetry and
conformal invariance. In our previous paper we considered various versions of the theory λφ4
with nonminimal coupling to gravity [18], and explained the mechanism of implementation
of this theory in superconformal theory and supergravity. In this paper we studied the same
issue with respect to the Starobinsky model. We found a way to represent the Starobinsky
model as a simple locally conformally invariant theory with spontaneous symmetry breaking
(3.1).
We also incorporated the Starobinsky model in the context of superconformal theory and
supergravity. The main lesson here is that one can do it in many different ways. However,
not all of the supergravity generalizations of the Starobinsky model, as well as of other,
more general models of modified gravity f(R) lead to a consistent cosmological theory. The
corresponding investigation must include a full analysis of stability of inflationary regime
with respect to other fields which appear as a result of a supersymmetric generalization of
the original theory. This investigation can be quite involved, but fortunately there are some
classes of supergravity models where it can be done in a relatively straightforward way. In
this paper we used the general approach to this issue developed in [14], which allows to
confirm the stability of the inflationary trajectory in various cosmological models, including
the supersymmetric generalization of the Starobinsky model (4.4), using relatively simple
analytical methods.
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